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esponding author.a b s t r a c tIntroduction: The high diagnostic accuracy of plasma metanephrines (PMets) in the di-
agnosis of Phaeochromocytoma/Paraganglioma (PPGL) is well established. Considerable
controversy exists regarding optimum sampling conditions for PMets. The use of reference
intervals that do not compromise diagnostic sensitivity is recommended. However, the
optimum rest period prior to sampling has yet to be clearly established. The aim of this
study was to evaluate PMets concentrations in paired blood samples collected following
30 and 40 min seated-rest prior to sampling, in patients in whom it was clinically rea-
sonable to suspect that PPGL may be present.
Design and Methods: A retrospective cross-sectional study design was used. PMets results
from paired blood samples collected after 30 and 40 min seated-rest between January
2009 and June 2015 were recorded. Results were interpreted using reference intervals
established in subjects seated and supine.
Results: A total of 410 patient results were eligible for analysis. There was no statistical
difference between plasma normetanephrine (NMN) or metanephrine (MN) concentra-
tions in samples collected following 30 and 40 min seated-rest in subjects with PPGL
(n¼11), post-resection of PPGL (n¼20) or in whom PPGL was excluded (n¼379). Using
reference intervals established in the seated position, diagnostic sensitivity was 100% at
30 min and 90.9% at 40 min. Diagnostic specificity was approximately 95% at both time
points. When supine reference intervals were used, diagnostic sensitivity was 100% and
diagnostic specificity was reduced by E22% at both time points.
Conclusion: Based on these data, we recommend at most 30 min continuous rest prior to
sampling for PMets measurement.
& 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Phaeochromocytomas and Paragangliomas (PPGL) are rare neuroendocrine catecholamine-producing tumours that arise
from adrenal and extra-adrenal chromaffin tissue, respectively [1,2]. PPGL occur sporadically or as a result of a germ line
mutation in susceptible genes [3]. The incidence of PPGL varies between o1–8/million per year [4]. The prevalence of PPGL
in patients with hypertension attending a general outpatient clinic has been estimated at between 0.2% and 0.6% [5–8]. PPGL
can present with a myriad of symptoms including headache, hypertension, hyperhidrosis and palpitations. Undiagnoseder B.V. This is an open access article under the CC BY-NC-ND license
.
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with high negative predictive value and high diagnostic sensitivity is required. The diagnostic accuracy of fractionated
plasma free metanephrine (PMets) measurements is well established [10–14].
Considerable controversy exists over sampling conditions for PMets [15,16]. While the most recent Endocrine Society
Clinical Practice Guideline [1] recommends sampling patients in the supine position after a period of rest (at least 30 min)
and using reference intervals established in the same position, the optimum period of rest has yet to be clearly identified.
These recommendations recognise the rapid clearance of metabolites (the estimated half-life of PMets is o4 min, similar to
that of the parent catecholamines [17]), the strong influence of sympathetic activation and upright posture to stimulate the
release of norepinephrine and its metabolism to normetanephrine (NMN), and the likely absence of a response to these
stimuli in patients with PPGL [10,18,19]. Moreover, reference intervals for PMets established using a seated-sampling
protocol are higher than those defined using a supine-sampling protocol [1]. Lenders et al. found that, in patients with
severe hypertension after 30 min supine rest, plasma NMN concentrations decreased by 30% (po0.001) and plasma me-
tanephrine (MN) concentrations decreased by 27% (po0.001) [15] compared to a baseline value measured in the seated
position. Variations in concentrations of PMets in response to changes in posture have been demonstrated in other studies
[20,21]. Peaston et al. observed no statistically significant differences in PMets between duplicate blood samples collected by
venepuncture at baseline (time 0) and after time 10 min (p¼0.53) [22]. To date, it has not been established if remaining in a
rested unstimulated state for longer than 30 min would improve the diagnostic sensitivity and specificity of PMets.
At our institution and during the period of this review, blood samples for PMets analysis were drawn after 30 and 40 min
of continuous seated-rest from each individual patient.
The aim of this study was to evaluate PMets concentrations in paired blood samples collected following 30 and 40 min
rest prior to blood draw in patients in whom it was clinically reasonable to suspect that PPGL may be present. The results
will inform the optimum approach to pre-test patient preparation for PMets analysis.2. Methods
Ethical approval was granted by the Research Ethics Committee at Galway University Hospitals (GUH). The study was
conducted in accordance with the principles of the Helsinki declaration.
2.1. Study design
A retrospective cross-sectional study design was used. All subjects who had plasma NMN and MN sampled in GUH
between January 2009 and June 2015 were identified following interrogation of the laboratory information system. Patient
demographics including age and gender were recorded. Clinical details were obtained following interrogation of our
electronic laboratory and radiology systems. Samples for PMets analysis were collected from subjects with a clinical sus-
picion of PPGL due to a suggestive clinical history, an adrenal incidentaloma, a significant family history or clinical follow-up
of a pathologically proven PPGL. Subjects were divided into three groups: no PPGL, PPGL and post-resection of PPGL (post-
PPGL).
The study inclusion criteria were paired samples taken for PMets analysis and clearly identified as having been collected
following 30 and 40 min rest. The exclusion criteria were the absence of paired samples either due to an insufficient sample,
haemolysis or failure to follow the standard protocol (Fig. 1).
2.2. Plasma NMN and MN sampling
The protocol for patient preparation for PMets sampling at the Centre for Endocrinology, Diabetes and Metabolism
(CEDAM) for the period of this study is as follows (Fig. 1): the subject is cannulated and advised to remain seated and at rest
in an unstimulated environment until test completion. Following 30 and 40 min rest, whole venous blood (10 mL) is
sampled into appropriate specimen tubes (containing ethylenediaminetetraacetic acid (EDTA) as anticoagulant). Specimen
tubes on ice are delivered without delay to the laboratory for immediate processing (specimen centrifugation, separation
and freezing of plasma at 20°C) prior to analysis. During the period of this study, PMets were measured using liquid
chromatography with tandem mass spectrometry (LC–MS/MS) at the ISO15189:2012 accredited laboratory, Freeman Hos-
pital, Newcastle, United Kingdom. The method has been published in detail with the upper reference limits (URLs) estab-
lished in subjects (n¼113) in the seated position in whom the diagnosis of PPGL had been excluded (NMN set at 1180 pmol/
L and MN set at 510 pmol/L) [14]. The laboratory is a participant of the Royal College of Pathologists of Australasia (RCPA)
Quality Assurance Programme for PMets. Compliance with ISO15189 and Good Laboratory Practice requires the laboratory to
carry out verification of assay performance and reference intervals at intervals concomitant with instrument upgrades/
method optimisation.
The variables recorded for analysis were age (years), sex, ultimate clinical diagnosis, and biochemical parameters (plasma
NMN and MN). Age was defined as the age of subject on the day of sampling.
Fig. 1. A. Sampling strategy for plasma free metanephrines & B. Recruitment schematic.
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The primary outcome was a significant difference in NMN/MN in all samples collected at two time points (30 and
40 min). The secondary outcome was a significant difference in NMN/MN between three subcategories of subjects (no PPGL,
diagnosis of PPGL, post-resection of PPGL). A further secondary outcome explored the impact of seated-/supine-reference
intervals on diagnostic sensitivity and specificity at the two time points studied.
To eliminate the potential bias of a large change in NMN or MN in subjects who were diagnosed with a PPGL, statistical
analysis was conducted in subjects with PPGL, subjects post-resection of PPGL and subjects without a diagnosis of PPGL
together and independently.2.4. Interpretation of plasma NMN and MN results
For interpretation of results when a seated sampling protocol is employed for PMets testing, the recently published
Endocrine Society Clinical Practice Guideline for PPGL [1] recommends the use of reference intervals that do not com-
promise diagnostic sensitivity. For this study, we employed supine URLs for NMN and MN of 610 pmol/L and 310 pmol/L
respectively, defined using High Performance Liquid Chromatography (HPLC) with electrochemical detection (ECD) in
subjects resting supine for at least 20 min [1,10,20]. In this paper, we will present the proportion of false-positive results,
diagnostic sensitivity and specificity analysis based on reference intervals established in subjects seated [14] and supine
[1,20] and applied to NMN/MN results from samples collected from patients in the seated position.2.5. Statistical Analysis
Statistical analyses were performed using R (V 3.2.0, R Foundation for Statistical Computing, Vienna, Austria; accessible at
www.r-project.org). Summary statistics for normally distributed continuous variables were given by mean (standard de-
viation) and frequencies (percentages) for categorical variables. Data that were not normally distributed were presented as
median (minimum to maximum). When distributions were skewed, a natural log transformation was employed to nor-
malise the data. Comparisons of NMN/MN concentrations between time points (overall, no PPGL, PPGL and post-PPGL) were
performed using Mann-Whitney on the normal scale and the paired t-test on the transformed data. A p-value o0.05 was
deemed to be statistically significant. Diagnostic sensitivity and specificity was calculated using both seated and supine URLs
at 30 and 40 min.
Table 1
Baseline clinical demographics of study subjects.
Total
cohort:
No PPGL PPGL Post
PPGL
P-value
Numbera 410 379 11 20 n/a
Age (SD)* 51.8 (15.1) 50.78
(15.6)
61.36
(10.6)
57.33
(10.5)
0.005
Male (%) 210 (51.2%) 197
(52.0%)
3 (27.3%) 10 (50%) 0.042
n/a: Not applicable.
* Age in years;
a participant samples.
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In total, 662 patient samples were assessed for inclusion in our study. 252 patients were excluded. 240 patients had only
a single blood sample collected. A further 12 patients’ samples were either insufficient or haemolysed and unsuitable for
laboratory analysis at one or more time points. In total 410 paired patients’ samples were used in this study. PPGL was
excluded based on a combination of clinical, biochemical and imaging findings. In the post-PPGL group, not all of the
patients were diagnosed in GUH. Some patients initially had urinary metanephrines and not PMets analysed to establish the
diagnosis. This fact, combined with several patients having multiple samples taken post-resection of PPGL as part of their
follow-up, accounts for the larger number of patients in the post-PPGL group compared to the PPGL group. The mean age
and gender of subjects studied at time of sampling are shown in Table 1. A significant difference in age was noted between
the three categories studied; the PPGL group were on average 10 years older than the no PPGL group. There was also a
significant difference in gender between the groups with 52% men and 50% men in the no PPGL and post-PPGL groups,
respectively compared to only 27.3% men in the PPGL group.
Table 2 and Fig. 2 outlines the median plasma NMN and MN concentrations at each time point. Fig. 2 illustrates the
natural log of the mean concentration for NMN and MN at each time point. There was no statistically significant difference in
NMN or MN between paired blood samples collected at either 30 or 40 min post rest in either the total study group, subjects
without PPGL, with PPGL or post-PPGL.
Table 3 illustrates the diagnostic sensitivity and specificity of plasma NMN and MN using seated and supine decision
thresholds for samples collected from subjects in the seated position after 30 and 40 min. Of concern is the finding that
biochemical evidence of an incomplete resection could have been missed if only seated sampling URLs were applied to
PMets measured in the sample collected after 40 min of seated-rest. This sample was drawn from a 75-year old male patient
who had a PPGL resected 20 years previously. Following recurrence, further surgery with curative intent was performed
with samples for PMets taken 1-month post resection. The NMN concentration was 1314 pmol/L in the sample collected at
30 min (a positive biochemical screen: 4URL set at 1180 pmol/L) but decreased to 911 pmol/L in the sample collected at
40 min (a negative biochemical screen). Of note, at the time of biochemical testing, the patient reported episodes ofTable 2
Plasma NMN and MN results collected after 30 and 40 min seated rest.
Time (min) 30 40 P-value
Plasma Normetanephrine NMN (pmol/L)
Overall Median (range) 439 (4014,488) 413 (4012,068) 0.142
Log mean (SD) 6.12 (0.65) 6.06 (0.68) 0.208
No PPGL Median (range) 429 (40–2161) 401 (401938) 0.122
Log mean (SD) 6.05 (0.53) 5.99 (0.57) 0.115
PPGL Median (range) 3365 (131414,488) 4136 (91112,068) 0.847
Log mean (SD) 8.31 (0.76) 8.31 (0.74) 0.994
Post-PPGL Median (range) 524 (1611297) 530 (1691289) 0.978
Log mean (SD) 6.30 (0.53) 6.29 (0.56) 0.970
Plasma Metanephrine MN (pmol/L)
Overall Median (range) 170 (40–25000) 168 (40–24,641) 0.999
Log mean (SD) 5.12 (0.63) 5.11 (0.66) 0.954
No PPGL Median (range) 171 (40–471) 170 (40–1110) 0.912
Log mean (SD) 5.10 (0.48) 5.10 (0.51) 0.941
PPGL Median (range) 465 (40–25000) 428 (4024,641) 0.922
Log mean (SD) 6.67 (2.00) 6.63 (2.03) 0.972
Post-PPGL Median (range) 104 (40–316) 94.5 (43239) 0.507
Log mean (SD) 4.64 (0.49) 4.55 (0.46) 0.571
*Upper Reference Limit; NMN: 1180 pmol/L; MN: 510 pmol/L.
Fig. 2. Schematic of Natural log of plasma metanephrine (MN) and normetanephrine (NMN) for total study group, no PPGL (phaeochromocytoma or
paraganglioma), PPGL and post-PPGL groups.
Table 3
Diagnostic sensitivity and specificity using seated and supine URLs at Time 30 and 40 min.
Sensitivity Specificity
Time (min) 30 40 30 40
Seated URLs
NMN 100% 90.9% 94.8% 95.6%
MN 36.4% 36.4% 97.9% 97.7%
NMN and/or MN 100% 90.9% 94.6% 94.8%
Supine URLs
NMN 100% 100% 75.9% 76.2%
MN 72.7% 54.5% 90.9% 90.9%
NMN and/or MN 100% 100% 72.3% 71.5%
URL: Upper Reference Limit, NMN: Normetanephrine, MN: Metanephrine.
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was high and a metaiodobenzylguanidine (mIBG) scan was ordered. Follow-up confirmed incomplete resection of PPGL.
Diagnostic sensitivity was 100% for PMets using seated and supine URLs after 30 min seated-rest and 100% using supine
URLs after 40 min seated-rest. Diagnostic specificity after 30 and 40 min was almost identical, 94.6% v 94.8% when seated
URLs were applied for MN and NMN. There was a marked decrease in diagnostic specificity (approximately 22%) when
supine URLs were applied. This was similar at both time points (72.3% v 71.5%).
Table 4 details the number of false-positive results using seated and supine URLs at 30 and 40 min. A similar proportion
of false positives were identified at both time points.Table 4
False-positive test results for PMets using seated and supine URLs at time 30 and 40 min.
Upper reference
limits
Seated-sampling Supine-sampling
Time (min) 30 40 30 40
False-Positives No. (%)
NMN 14 (3.5%) 12 (3.0%) 95 (23.8%) 93 (23.3%)
MN 0 (0%) 3 (0.8%) 27 (6.8%) 28 (7.0%)
NMN and/or MN 21 (5.4%) 20 (5.2%) 107 (27.7%) 110 (28.5%)
MN: Metanephrine, NMN: Normetanephrine.
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These data provide useful clinical information. There was no statistically significant difference observed in plasma MN or
NMN concentrations between paired blood samples collected after either 30 or 40 min. This was true for all three categories
evaluated (diagnosis of PPGL, post-resection of PPGL and patients in whom PPGL was excluded). There was no difference in
diagnostic specificity or false-positive rates using seated-sampling URLs after 30 or 40 min seated-rest. Notably, no differ-
ence in diagnostic sensitivity and specificity or false-positive rates was determined using supine-sampling URLs at either
time point. Of import, one case of incomplete resection of PPGL would not have been diagnosed if seated-sampling URLs
were applied solely to the patient's sample collected after 40 min seated-rest. Remarkably, this did not occur in the sample
collected at 30 min. No case of PPGL was missed when supine-sampling URLs were applied to either the sample collected
after 30 or 40 min seated-rest. Eisenhofer et al. recommend the use of age-adjusted cut offs for plasma NMN in subjects
460 years of age (NMN41047 pmol/L) to minimize the numbers of false-positive results. Notably, adoption of such cut offs
to our study cohort would not have altered the false-negative rate at 40 min [23]. The false-positive result rate of study
subjects increased on average by E22% when supine-sampling URLs were applied. This is not surprising as such findings
have been widely reported [1,20,24]. However, the impact is significant, as all patients with elevated PMets require follow-
up. The recommended follow-up includes repeat biochemical testing using a fasted/supine-sampling PMets protocol [1,25].
The importance of rest prior to PMets sampling is clearly delineated in multiple studies. Deutschbein et al. demonstrated
that 15 min of intense exercise prior to sampling resulted in an 82% increase in MN and an 85% increase in NMN that began
to fall (although not back to baseline) after 15 min rest [21]. Raber et al. highlighted that cardiovascular exercise (cycling)
resulted in significant elevation in NMN but not MN concentrations in hypertensive patients with type 2 diabetes. The
authors also showed a non-significant increase in normotensive patients with type 2 diabetes and hypertensive patients
without type 2 diabetes [26]. Bracken et al. found a significant increase in both MN and NMN concentrations above baseline
in a cohort of healthy men who completed ergometric sprints [27]. The proportion of false positives decreases following rest
post-exercise. The optimum duration of rest has yet to be defined. Studies advocating seated or supine rest prior to sampling
typically do not specify the duration of seated/supine rest. We recommend that the duration of rest prior to sampling is
disclosed in any future published work involving reference intervals for PMets to permit the development of more pre-
scriptive sampling guidelines. Our data suggests that more than 30 min rest is not required prior to sampling.
In our cohort, only 2.7% of subjects had PPGL and 4.9% were post-resection of PPGL, which confirms that the condition is
“frequently sought but rarely found” [28–30]. A patient screened for PPGL at our centre is 36 times more likely to have a
negative than a positive screening test. Although it is reported that PPGL occurs equally in both men and women [31–33],
only 27.3% of subjects with a new diagnosis of PPGL were male and 73.7% were female; although men represented 51.2% of
the overall PPGL cohort (PPGL and post-resection for PPGL). It is possible that this is an artefact of our small sample size.
Subjects with a diagnosis of PPGL (mean age 61.36 years) were on average 10 years older than subjects who did not have a
diagnosis of PPGL (mean age 51.78 years). Martucci et al. reported that the mean age at diagnosis of PPGL is 43 years [34]
while Guerrero et al. reported the mean age to be 47.1 years [33], although PPGL can occur at any age.
This study demonstrates the non-inferiority of a seated sampling protocol with 30 min of prior unstimulated rest when
screening for PPGL using PMets. Further, these data confirm that prolonged seated-rest (430 min) prior to blood draw not
only confers no additional diagnostic benefit but also has the potential to miss a diagnosis of PPGL when reference intervals
established in the same position are used.
The collection of paired blood samples for PMets in this study stems from the period when the referral site employed
enzyme immunoassay (EIA: LDN 2-Met ELISA (Fast Track) Kit; LDN, Nordhorn, Germany) for measurement. At that time, the
recommended pre-analytical sampling protocol for PMets advised collecting blood from patients fasting (overnight) and
cannulated for 30 min of continuous supine rest into heparin specimen tubes at two time points, 30 min (baseline) and at
40 min. It is our understanding that the rationale for sampling at two time points was based on evidence from inter-
laboratory proficiency testing (RCPA Quality Assurance Programme) for free metanephrines, suggesting that immunoassays
demonstrated poorer analytical precision than either LC-ECD or LC–MS/MS [35,36]. When the referral laboratory changed
from using EIA to LC–MS/MS for PMets measurement, the sampling protocol changed to a seated sampling protocol, with
blood collected (venepuncture) into EDTA specimen tubes at baseline (time 0 min) and after a further 10 min. However, at
our institution the phlebotomy practice (indwelling catheter) and sampling at baseline (after 30 min) and again at 40 min
was embedded locally and continued.
The half-lives of PMets together with the difference in sampling protocols between the referral site and ourselves
(specifically, the cannulated 30 min of seated rest prior to blood draw), most likely explains why Peaston et al. did not
observe a difference between plasma NMN and MN in duplicate samples collected by venepuncture ten minutes apart [22].
Moreover, it is reasonable to assume that our phlebotomy practice lessens the effect of sympathoadrenal activation asso-
ciated with venepuncture/upright posture on PMets that may obscure tumour–related increases in catecholamines/PMets.
This, combined with the use of seated reference intervals, increases the potential for a missed diagnosis of PPGL
As a consequence of the current study findings and the recent Endocrine Society Clinical Practice Guideline [1], our pre-
analytical practice for PMets has changed. We now use a fasted/supine sampling protocol together with appropriately
established reference intervals, with a single EDTA blood sample collected after 30 min of supine rest. A limitation of the
current study is the tumour size in the PPGL cohort. PPGL tumour diameter ranged from 2.5 cm to 10 cm. It has been
demonstrated that tumour diameter influences PMets secretion, suggesting that up to 50% of PPGL o2 cmwould be missed
T.P. Griffin et al. / Practical Laboratory Medicine 5 (2016) 39–46 45using seated-sampling URLs for NMN and MN [24,37].
Finally, further work looking at shorter time periods in the supine position (for example 20 min versus 30 min) is
warranted. Reducing the length of time that a patient remains supine and unstimulated reduces the potential for non-
compliance. A reduction in time necessary for appropriate patient preparation results in health economic benefits (decrease
in bed occupancy and healthcare professional time). Should our findings be replicated in patients in the supine position, we
would advocate that the Endocrine Society Clinical Practice Guidelines should include the duration of a period of rest prior
to blood sampling in subsequent revisions.5. Conclusion
There is no statistically significant difference between PMets results in paired blood samples collected following 30 and
40 min rest in the study categories evaluated. However, when reference intervals established in the seated position were
utilized, the diagnostic sensitivity was 100% in plasma collected after 30 min of seated-rest, but dropped to 90.9% in samples
collected after 40 min. Diagnostic specificity was 94.6% and 94.8% respectively. Notably, when supine-reference intervals
were employed, diagnostic sensitivity was 100% and diagnostic specificity reduced by 22% at both time points. Based on
these data, we recommend at most 30 min rest prior to blood collection for PMets measurement. We advocate further study
to determine if our findings hold true in subjects following 30 v 40 min supine rest.Acknowledgements
We wish to express our gratitude to all the participants who made this study possible. Special thanks to the scientific,
nursing, and medical staff at the Centre for Endocrinology, Diabetes and Metabolism, the Department of Clinical Bio-
chemistry at Galway University Hospitals and Saolta Hospital Group. We wish to express our gratitude to Dr Chris Boot and
the scientific staff of Freeman Hospital, Newcastle, UK.References
[1] J.W. Lenders, Q.Y. Duh, G. Eisenhofer, A.P. Gimenez-Roqueplo, S.K. Grebe, M.H. Murad, et al., Pheochromocytoma and paraganglioma: an endocrine
society clinical practice guideline, J. Clin. Endocrinol. Metab. 99 (6) (2014) 1915–1942.
[2] G. Eisenhofer, J.W. Lenders, H. Timmers, M. Mannelli, S.K. Grebe, L.C. Hofbauer, et al., Measurements of plasma methoxytyramine, normetanephrine,
and metanephrine as discriminators of different hereditary forms of pheochromocytoma, Clin. Chem. 57 (3) (2011) 411–420.
[3] J.W. Lenders, G. Eisenhofer, M. Mannelli, K. Pacak, Phaeochromocytoma, Lancet 366 (9486) (2005) 665–675.
[4] E. Grouzmann, L. Drouard-Troalen, E. Baudin, P.F. Plouin, B. Muller, D. Grand, et al., Diagnostic accuracy of free and total metanephrines in plasma and
fractionated metanephrines in urine of patients with pheochromocytoma, Eur. J. Endocrinol. 162 (5) (2010) 951–960.
[5] A.M. Sinclair, Secondary Hypertension in a Blood Pressure Clinic, Arch. Intern. Med. 147 (7) (1987) 1289.
[6] G.H. Anderson Jr., N. Blakeman, D.H. Streeten, The effect of age on prevalence of secondary forms of hypertension in 4429 consecutively referred
patients, J. Hypertens. 12 (5) (1994) 609–615.
[7] M. Ariton, C.S. Juan, T.W. AvRuskin, Pheochromocytoma: clinical observations from a Brooklyn tertiary hospital, Endocr. Pract. 6 (3) (2000) 249–252.
[8] M. Omura, J. Saito, K. Yamaguchi, Y. Kakuta, T. Nishikawa, Prospective study on the prevalence of secondary hypertension among hypertensive patients
visiting a general outpatient clinic in Japan, Hypertens. Res. 27 (3) (2004) 193–202.
[9] W.B. Liao, C.F. Liu, C.W. Chiang, C.T. Kung, C.W. Lee, Cardiovascular manifestations of pheochromocytoma, Am. J. Emerg. MEd 18 (5) (2000) 622–625.
[10] J.W. Lenders, K. Pacak, M.M. Walther, W.M. Linehan, M. Mannelli, P. Friberg, et al., Biochemical diagnosis of pheochromocytoma: which test is best?
JAMA 287 (11) (2002) 1427–1434.
[11] N. Unger, C. Pitt, I.L. Schmidt, M.K. Walz, K.W. Schmid, T. Philipp, et al., Diagnostic value of various biochemical parameters for the diagnosis of
pheochromocytoma in patients with adrenal mass, Eur. J. Endocrinol. 154 (3) (2006) 409–417.
[12] M. Procopiou, H. Finney, S.A. Akker, S.L. Chew, W.M. Drake, J. Burrin, et al., Evaluation of an enzyme immunoassay for plasma-free metanephrines in
the diagnosis of catecholamine-secreting tumors, Eur. J. Endocrinol. 161 (1) (2009) 131–140.
[13] F. Mullins, P. O’Shea, R. FitzGerald, W. Tormey, Enzyme-linked immunoassay for plasma-free metanephrines in the biochemical diagnosis of
phaeochromocytoma in adults is not ideal, Clin. Chem. Lab. Med. 50 (1) (2012) 105–110.
[14] R.T. Peaston, K.S. Graham, E. Chambers, J.C. van der Molen, S. Ball, Performance of plasma free metanephrines measured by liquid chromatography-
tandem mass spectrometry in the diagnosis of pheochromocytoma, Clin. Chim. Acta 411 (7–8) (2010) 546–552.
[15] J.W. Lenders, J.J. Willemsen, G. Eisenhofer, H.A. Ross, K. Pacak, H.J. Timmers, et al., Is supine rest necessary before blood sampling for plasma me-
tanephrines? Clin. Chem. 53 (2) (2007) 352–354.
[16] W. Raber, W. Raffesberg, M. Bischof, C. Scheuba, B. Niederle, S. Gasic, et al., Diagnostic efficacy of unconjugated plasma metanephrines for the
detection of pheochromocytoma, Arch. Intern MEd 160 (19) (2000) 2957–2963.
[17] G. Eisenhofer, J. Lenders, Rapid circulatory clearances and half-lives of plasma free metanephrines, Clin. Endocrinol. 77 (3) (2012)
484–485. author reply 485–6.
[18] J.B. Young, J.W. Rowe, J.A. Pallotta, D. Sparrow, L. Landsberg, Enhanced plasma norepinephrine response to upright posture and oral glucose ad-
ministration in elderly human subjects, Metabolism 29 (6) (1980) 532–539.
[19] G. Eisenhofer, B. Rundquist, A. Aneman, P. Friberg, N. Dakak, I.J. Kopin, et al., Regional release and removal of catecholamines and extraneuronal
metabolism to metanephrines, J. Clin. Endocrinol. Metab. 80 (10) (1995) 3009–3017.
[20] R. Darr, C. Pamporaki, M. Peitzsch, K. Miehle, A. Prejbisz, M. Peczkowska, et al., Biochemical diagnosis of phaeochromocytoma using plasma-free
normetanephrine, metanephrine and methoxytyramine: importance of supine sampling under fasting conditions, Clin. Endocrinol. 80 (4) (2014)
478–486.
[21] T. Deutschbein, N. Unger, A. Jaeger, M. Broecker-Preuss, K. Mann, S. Petersenn, Influence of various confounding variables and storage conditions on
metanephrine and normetanephrine levels in plasma, Clin. Endocrinol. 73 (2) (2010) 153–160.
[22] R.T.B. Peaston, S.G. Quinton, R. James, R.A. Pearce, S. Lennard, T.W.J. Neely, R.D.G., Detection of phaeochromocytoma: The emerging role of plasma
T.P. Griffin et al. / Practical Laboratory Medicine 5 (2016) 39–4646metanephrines. Presented at Society for Endocrinology BES 2006 Glasgow, UK. Endocrine Abstracts 11 OC22, 2006.
[23] G. Eisenhofer, P. Lattke, M. Herberg, G. Siegert, N. Qin, R. Darr, et al., Reference intervals for plasma free metanephrines with an age adjustment for
normetanephrine for optimized laboratory testing of phaeochromocytoma, Ann. Clin. Biochem 50 (Pt 1) (2013) 62–69.
[24] G. Eisenhofer, R. Darr, C. Pamporaki, M. Peitzsch, S. BornsteinJ.W. Lenders, Supine or Sitting? Economic and other considerations for use of plasma
metanephrines for diagnosis of phaeochromocytoma, Clin. Endocrinol. 82 (3) (2015) 463–464.
[25] A. Garrahy, R. Casey, D. Wall, M. Bell, P.M. O’Shea, A review of the management of positive biochemical screening for phaeochromocytoma and
paraganglioma: a salutary tale, Int. J. Clin. Pract. 69 (7) (2015) 802–809.
[26] W. Raber, W. Raffesberg, W. Waldhausl, S. Gasic, M. Roden, Exercise induces excessive normetanephrine responses in hypertensive diabetic patients,
Eur. J. Clin. Investig. 33 (6) (2003) 480–487.
[27] R.M. Bracken, D.M. Linnane, S. Brooks, Plasma catecholamine and nephrine responses to brief intermittent maximal intensity exercise, Amino Acids 36
(2) (2009) 209–217.
[28] W.F. Young Jr., Pheochromocytoma: 1926–1993, Trends Endocrinol. Metab. 4 (4) (1993) 122–127.
[29] W.F. Young Jr., Pheochromocytoma and primary aldosteronism: diagnostic approaches, Endocrinol. Metab. Clin. N. Am. 26 (4) (1997) 801–827.
[30] W.F. Young Jr., D.E. Maddox, Spells: in search of a cause, Mayo Clin. Proc. 70 (8) (1995) 757–765.
[31] N.N. Hanna, D.E. Kenady, in: R.G. Holzheimer, J.A. Mannick. (Eds.), Pheochromocytoma. Surgical Treatment: Evidence-Based and Problem-Oriented,
Zuckschwerdt, Munich, 2001.
[32] L. Amar, J. Bertherat, E. Baudin, C. Ajzenberg, B. Bressac-de Paillerets, O. Chabre, et al., Genetic testing in pheochromocytoma or functional para-
ganglioma, J. Clin. Oncol. 23 (34) (2005) 8812–8818.
[33] M.A. Guerrero, J.M. Schreinemakers, M.R. Vriens, I. Suh, J. Hwang, W.T. Shen, et al., Clinical spectrum of pheochromocytoma, J. Am. Coll. Surg. 209 (6)
(2009) 727–732.
[34] V.L. Martucci, K. Pacak, Pheochromocytoma and paraganglioma: diagnosis, genetics, management, and treatment, Curr. Probl. Cancer 38 (1) (2014)
7–41.
[35] D. Pillai, H.A. Ross, J. Kratzsch, W. Pedrosa, I. Kema, K. Hoad, et al., Proficiency test of plasma free and total metanephrines: report from a study group,
Clin. Chem. Lab. Med. 47 (6) (2009) 786–790.
[36] D. Pillai, S. Callen, Pilot quality assurance programme for plasma metanephrines, Ann. Clin. Biochem. 47 (Pt 2) (2010) 137–142.
[37] G. Eisenhofer, J.W. Lenders, D.S. Goldstein, M. Mannelli, G. Csako, M.M. Walther, et al., Pheochromocytoma catecholamine phenotypes and prediction
of tumor size and location by use of plasma free metanephrines, Clin. Chem. 51 (4) (2005) 735–744.
